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©DNAfcCD*fca*iJ£*-*RNAfc©n-r7«/ 

3 aw©»a^«« 

artfcFFifi* (EP-A ) 4i 63* 0,190.652^ 

( h L S 2 ) k***nfefcHr*tr>4*M** 
fttl'i. :OEP-M!tt. * fc. HLS20 
c D N AtiS UT8 0> «<?©7 4 >iffDI> 

i £tt**©T«©7 s y at 
©racstef.&fcs-K-rsae?-???*^ 

t»Ati «>©T« *. 

as*n, tffltefdiiifasxshft. c©ae 
**e>©-*s * i/ = <* * * a* tascafi 

l/TV>« (I. loeber«ann h : J. Hoi. Biol. 
17T (198*) 531-3561 S. C. Bock *>: 
Biochemistry 25 (1986) 4292-4301) **. lV>fe 

*<©*>rc*m)i©«id©«t^«:«-©jte : P 
«afC3ttJ<tj©-pttai.». :hiTcata 
TSfetAoaefofttt. t r a, 

;/ > 8 «fc 9 ■? f>T>^*T ; >i'>'-y>€3- 

(T. 7anaka Z : J- Biol. 
Che«. 259 (1984) 8063-8065) . & 5«©X 

*v>*»w«*-*fi*-e4«©-f> FO>T#W 

^ imo-t^e >m&=f-<omma^ £©*?-> 
tu:*»«»>i»ttr>T <-->*. th«ro>e>ma 
e^a. GflOX? v>«*c <e. v. 

Prochovnik 6: J. Biol. Chen. 260 (1985) 
9608-9612) ffiHttli- a l> •) 7 f > * Hi 
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* it *a«cj:oTK8ioaS'fe*e>(o 

ffiSlE©«<r©)gBu:ei- l T7'n-5 i r--B-i'>t 

3 5 «T * * * > A ? H©-«C« ITl' 4 (R. 
F. Ooolittle, Science 222 (1983) 417-419; H. 
Rag*. Kucl. Acids. Res. 14 (1986) 1073-1088). 

& 15 1"{> © P 1 ffi « © 7 5 Jt&tzk-* 
TSJfft («• Laskowski * «fc 1/ I. K»to. 
Annu. Rev. Bioche.. 49 (1980) 593-629). R 

til. fl6*>csftt*e>8SttcE*eaa 

r«©r$yBIK59J5Al/«iaS^c:*-'Tt>i* 

(S. Synder SATJ R. Innis. Annu. Rev. 
Bioches. 48 (1979) 755-782). 

R©Uf5tfflBC:eJt>^n«3£tt-F**. t b 

fc <> 7 fl© -f > h n y * * *«> aiffllilt 
tti«b«>TTl'Sl< (S. C. Bock k-: Itai). 
4 y ^ a >©»* ffi*©j*a> hLS2 

1 1 *<aat«B 6*>c«t r, &. £©«Htta. 
«c«toT. »*-b*tr>©»*tcHffl#n-5. 
*ft«a. t<of§^©Jsae-3^T«J*H#<» 

«BC JC« * *v T «. * 3SW©8flfli> <k V*? * 

**«tt. tit. ilH8itf»2B. **tf 

l<) r|2HJtt. fioi8T»«inHH 
*C4>©4r f 4 ) . 

*lHUt. hLS2aef«i!«BJ<UT* 
U fc <> © T » 5. r E x JJ ~TEx5j UI? 
V>**1". a 62 Ut. *©«fc?£«i 

ft * tv T <.» 4. 
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B = B a m H I N = N c o I 
Bj=B«ID Ss=SstI 
E =EcoRI X = X b a I 
H = H i n d m 
B«iniiJ:l/Ncolo«S, *2Bi»J;i 

at2H (iti'ikiKRfttai') a. tt#-fe* 
v>«*u chtt. a* *»«t*« n 

P = P 8 t I 

S = S a 1 I 
S m = S m a I 



aut. &»<d*fsu «*ur> 7 m 

«*>**tt«r*Ct. -fictl. SHb b fe * H <t 
X * V > CD m * * C * WT. t 9 V > Ut, 2 7 
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X h = X h o I 
Sl=SU?b 7 --If 

l 

iff t 

(flanking) S*<DD N ABM**t. Z. 

Kfiitfi/ytAAATAAACttT8t*bfe. 
lf7>/^tn>«3Hl. R » <D h L S 2 

cDNAfD->©5' BBH&jS**?-. 

t«*tt*iu»^5ffla r » £ * * tr > j uu 



t «Cfc C-iOTX?V>tiU <frSST?» 

* »J 3t £ K '/ > * -CD»Att t ISI» 

M 6 * c s i,> t *> v # - -e R IS t II * £ r * z fc 

1"«Ct*«Tf8, iSClSDT. V 7 ^ X U — 
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« ? 9 - i/ J* t VTBtK<D7}&? FB^ i £ £ 
*-3Ji6T? * -5. Che>ffiJ'-f7©JS«»ft#6«i' 
^ ^ A Jit, *> tiX * *. -fcaCCUT, 

->T, &ttT?tt<, I^J? 

?&CU * J8 W tt, h L S AD NAffl 

c car*, c 

n * a » » a, hLsaae^ + fflaewsm© 

HiBt&ttfc hDNAiftttRNAt*C»»t 

i. 8x1 o 6 icA7y-y>yjnfe3^i f 

*, S>IOTM8f« (SOillhn-Jll. 

P H 7. 6. 1 Oi«Mg SO ( ) CJiy5»l«)*B 

IDHlO-||t«l1|i:Sdir. 3 7 *C T 2 O 

(lO|/1»HMZ7i>, 5j/MJittf U9 
i»- 2 i/(»UM g C I 2 • 6 H 2 Os 4«g/9--H*7 

4i!/)»H(»f 7i>t4C4 OilOL B 
( 1 Oj/lfHA? f Mi7h> (f^73tt»), 
5 g/^HWStttfj* 7 3»»>, 10 

r (2 3 X 2 3CI. 1-. 4 ?6 3K3s*f«t V5 O jig/ 

• ir>t c) as©s5£*ai/fc=r 

ntJi-D-^RlCif fe. 3D;-«|g<i 
0. 5 hC ft 5 t T. 7P-K37tT*«l/ 
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*> 5. 

* « 91 © ft » U> »J>»«cKfl*h4iHi7 
B l : 

.fc-Llft « iW.fi; EE A ;/ ? n © h I, S2?^U'(D 
JLtt 

3Xi M>*OlItt. W. Lindenataier* © 
(35th Moshach Colloquiu» 1984s "The 
lapact of Gene Transfer Techniques in 
Eukaryotic Cell Biology". Springer-Verlag 
Berl in, Heidelberg 1985) K <t r> T, C 1 a 1 £ 
Jitf74.*'J*^7y-fC)!ItTSl')i;'< 
? ?-pHC79-2 c o s/TKK«r££ttfc, 
Ms p I T»»««f l/T*l<ft t KADNA 
79fy>rfcfli^Ttr-->fe. 3XJf«>*U. 
ft 3 0 0, 0 0 0i8itl/ft>a->S4C. 



fc. U7U*7-<Af-ioa& n 4 7 V 7 4* 
4 i'3>©fe»©3a--o!9IBfiit7H3t:a, 
a>B©^i4t:Tif-5fe (0. Hanahan t> & If H. . 
Meselson: Methods in Enzyaology 100 (1983) 
333*342 ; T . (laniatis *> : Molecular Cloning, 
Cold Spring Harbor, 1982). 7 *> 9 - tt. 65 
(Maniatis 4: «m, 326H> CT42TJ 

( 4 - 6 if IS ) *J;lfA^7 ,, )y'f-K-i'3> 
(BOtTlBSH) t, i*©£#<f-efTr>fc. 
O. 9 M N a C I 

o. i 8 m h <} P H 8. 0 

5Xf>A-KDS« 

0. 2% (w/v) S D S ( 7 f ■) A Ff A*f A 
7 I - r ) 

200/fg/aitt/^aAottff^fftttDNA 

20O« g/»l»S RNA 

0. SX (v/v) #-<^>«8t»ff) (y-? r 
P-4 0, i> ^ ? ft H ) 
n<7V.y-(«-i'3>effll'ft7a - 7-<i, • 
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ft© h L S 2 c DNA*B!**79fj/> r "P S 
-J & ( E P - A »0, 190,652^) . 

A) 75X4 FpH14»6»l. 0 7 kb 
H i LdB75yX>ftS?T. DLS2 
c D N AO 6 ' *¥»ta*t?. 

B) 75X5 F p L 1 0/2*400. 5 kb 
XranI757jf>r. C-.©757.tf>rUt» 
hLS2cDNA©3" « ¥ # (ffiBtl 121- 
1 6 1 9) CfiBbT(>i. 

±E©75yy>Ktt. ft-*. BI<075Xi 

i£c«bfc. (i 1 o 8 cp«/« «; Naniatisg: 1} 

as) . 

4 5 *CS J; 1/ 6 O 0. 1 XSDS(fC 
0- 1XSSC (1XSSC = 0. 15M 
NaCl, 1 5mH9 x.yWt-t r '7 0 A. pH 
7. 0) T#*30»B«#l)t. 



*l/feTB©hLS2cDNA©«^<DWPS»* 

7n-7i: h L S 2 c D N A cofttd 1 t 

3 10fc«D|SCDW«*S<IH i ndffl/ 
BamHI797*>r (H i ndDSfiii. 
hLS2 c DNA*f*a-r:>7**l*"?i»?- 
p UC J 3 0*V'J>*-«»C(lir5). 

70-7*2: h L S 2 c D N AOQR3 1 I & 

4 8 3 4 iT«a»t«B.mH I 7 ^ K 
7D-73: Sll9 84 t: 1 3 9 9(DR(Df«l 

t*CP v u U7?yy> h. 

7a -74: fillll 1 2 1 fc 1 6 1 9 ©no a 

7Q-75: tt«1 660i:208 iffll3©* 
UtattJBcoli 175?>>f 
(EcoRIIfjoyt^tt. -^f-pOC 

c D»A«)3-F«K«i40)7*«. 
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Esau cft*©e*x«7-/4-A©aaie:«e 

Hi:T?18*b. SIWU i^CKJtl/fciiC. 

ft * I? -> f* ±7 5 0, OOOlOMitV 

•if-i/3>BHt©ira->^8^fc. ? o - > 
P4RI1. 7D-7AtO#SdU 7D-7B 
fcttfcAbtt^-a*:. £tifctti8c> ?a-> 
p 6 R 8 Jt U p 9 R tt, 7D-7Bt<D*i8«l. 
7D-7Attt«dia*t> fc. 

(H.ni.tis*: t»&) . D N ABSitS^fflW 
»i>FX?U7-<t«lilT, 0. 7 *> 4 fc 

D-7liCn'lt (E. Southern: J. Nolec. 
Biol. 98 (1975) 503-517) . 3 X 5 K © x £ V > 



A^f7Vf -fif-^g^U, »^42 TIT-* 

±K©A-f7«;y-<-H r --i/3>«««TfT-=fe. 

*©»> Rts 0. lXSDSttCSXSSC 
+ TK«T2X15#IB, ftVT* 0. 196 
SDStSCO. 1 X S S C tfT? 4 2 1CT 2 X 
15»R«»tT. eH,TX|7^AlEj| 
ft***. 7n-7 , **<fcAC. It*&4«» 
««t>T2»ia-f>*at-FbT» intHUV 

A-<7'jy-j*-i's>c)H'fe. 

*-©x-?V> (Ex 1) © H 3£ © ft » 
D N ABM 

3'- CCCCCTGAACACTCTTTCTCTCTC -5" 

(c*vu> jiisce 1 -3* Tfra t utarci*** 

ft T l» * ) «*t5tUrfX*U*f F«*X^ 
* 7 5 7 4 r S5 (H. D. H.tteucci * : J. Ai. 
Che«. Soc. 103 (1981) 3185-3191) C^TbU 
l/v *';75 'M7i F/Rfy*ET8«t)!:. 
^ya'Si'U^^FOKMtt. T.Kuynh* ©TJfitC 
Ji r,xm H tl k X g t 10cDNAA>{i((>4» 
» * ft ft t r h LS 2 c DNABMCJt^V'li. 
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CO^fctt, 0. M. Glover <«»). DMA 
Cloning, a Practical Approach, Vol. I . IRL 
Press. Oxford UK. Washington. D.C. 1985. *9- 
78K C S3 » * ti X V> *. -?a->p4R(D3X? 

iCftdtft. IBODKAlHtlltU'Ji 

l/# 'i * y l/*-fK**--ti (Hani at is 6: «ttS) 

R*. 6XSSCCS8T (2X1 5»fl) 8 
* If 3 3 \; T ( 2 X 3 O # Ifl ) 8t # b ft. 

/W7«;y-f-«-i'3>*»*XG:bT. 3 3 

IttC^T^H-pUC 1 3C*7?D-Z 

bfc (A. Haxaa « «k V W. Cilbert. Hethoda in 
Enayaology 65 (1980) 499-560). JB 1 B tt. K 
M*JE. **C»Hl**ttirS<ktflr«f>7n-5r 
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* B* b ft t> © T A 5. 

rn 2 : 

m , s2i* fc ?coMifftcffiffr*-i>'rn>ffi?'i 

TcfCtCk-sT. Jjfc. *i ( is «fc V * 2 IS ) 
SMB^^yjOI-wttfoOe:. 

hLS2«*l£7ntl(-a«(Oltfc5C. ft© 
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<DttR7?y*>r ®**«» ®**©tt*S 

©I. 6 kbN c o I / E c o R I 
a7 , Dt-J-«««*CliLS2ilE?«lIi> 
V > 1 

a*«B4>6«)DNAj|{ | ;x9--e i © * u / 

75?OKJ;«H; Sal ICiiWf* 
J:lfS 1 J?|/7--tfCJt5«StUT8l 1 fc'< 

H-pUC 1 3^©»7»P--^y 

<D 1 . 3 kbX b a I / H i n d m 
®hLS21Ef(0U , V>2 ( * T <> f y + * 

A-7f Fta-rrs) 

any)79?^>H:ii!ll; BamHl 
*±l/S 1 Jtyi>7--KKJtoT«JIbT«t'fc 

A -9 9 - p uc 1 3-v©-»r79n - - y 

© 0. 6 5 kbS s t I 7 S s t I 
®h L S 2l£ : r(DH' , ;>3 

asnnr-scijai; saiicjt« 

«a***US13t9U7--Ke:i*J5a*UT* 

I'HH-puc i 3^©^7^a-->y 

© 1. OkbB g I fl / B a m H I 
®hlS2ilK?fflifV>4 
On;f79?^>H:ji«ia; Smaltf 



l-a>J*l»»K:iEbv*27<?-ff;'y 

£ : Cell 38 (I984) 317-33H E. Keller 
Proc. Acad. Sci. USA 81 (1984) 7417-7420; B. 
Vierinja h : Cell 37 (1984) 915-925). 

7 9 y y > F3K8©»ais.fci/'<y*-p uc 

1 3 *v<D<r 7? D-->yU. «*i£ (ManUtis 

nan KTtf3. »A«©e«»rai*» wh* 

C ffl ^ «. 

IH'BMCSft? bLS2«£?-Oi?V> 

{tTjlSJ^BSU. H«u:R*D©7>acK:TfT-3. 
w a : 

t h a r V 7fr ^iWg^ © 3 ' x ? y V 

©tr7^n~-^y 

at£^©3'5K«xyV>*Sr«l. 7kb<D 
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fi?coxho i/h i n a ? r x > h % t h 

4I»t5 (C. Ions £ : Biochemistry 23 
(I984) 4828-4837; M . Leicht * : Mature 297 
(1982) 655-659). C CO X >} y > UU «£ *» TT *>> 
? >« 9 «CDJxG5«>.£ > * 3 - K r S (C. Lon« * 
: Was; X. Carrel I 6: Nature 298 (1982) 
329-334). t80tta«J;t/Ec<iRPi>*- 

5* CCGAATTCCG 3 ' 
© «t ►> tt © 79ify>ft. EcoRIi, 

tN^SMJr^lfifU. *>/t*B© 

-FT*. i«Ult*ft?a ( -!([M;7^>© 

C * » * ft r l« fc. ifflSHfcUU 3* £ IE It * > A 
9 Htgt *i fc «. f («- Owen t>: 

New England J. Med- 309 (1983) 694-698). Z. 
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> tT r o?S«IE£ (V. Kra»er £ : Kucleic 
Acids Res. 12 (1984) 9441-9456) CkoTWA. 
TT* 5. £CO < fc-3C*Itt*ft*X'?V;/fcL «> *> 

h L S 2 iae^cox >y>l>64if («J) 

s^-st v r 3 ' *«x* v^ic 

«ai!)»iiTiaiftt5 (*2B). 




cxrrccxnx^axATCTMTCccAGCAiTrrr^ 

CCTCTCTACTAAAAATACAAAAAAnACTrG<*CATO 

eacAcw»cncg»ciG»ccTCMarox»c^ 

CAACAGAaGGAC TCC T CGGCrGC AI XTA CT ^ 




CTGCnCTTTOKTTCGGACTrATrrACTr^^ 

ttcatUUctagcaaactaagaattcagaafcU kb) .ggcc«cctttcact«tf ttctjttttc 

-19 -1 
Mst Lys His Ser Leu Asn Ma Leu Leu lie Pbe Leu 11a lie Thr Ser All Trp Gly 
CCtcCCatOTTAGCTCCCGW ATG AAA CAC TCA TTA AAC GCA CTT CTC ATT TTC CTC ATC AT A ACA TCT GCG TGG OCT 

Cly Ser Lys Gly Pro Leu Asp Gin Leu Glu Ly« Cly Cly Gin Thr Ala Gin Ser AU Asp Fro Gin Trp Glu Gin 
GGG AGC AAA GGC CCG CTG GAT CAG CTA GAG AAA GGA GGG GAA ACT GCT CAG TCT OCA GAT CCC CAC TGG GAG CAC 
40 

Leu Asn Asn Lys Asn Leu Ser >tet Pro Leu Leu Pro Ala Asp Phe Hli Lys Glu Asn Thr V»l Thr Asn Asp Trp 
TTA AAT AAC AAA AAC CTG AGC ATG CCT CTT CTC CCT GCC GAC TTC CAC AAG GAA AAC ACC CTC ACC AAC GAC TOG 

60 

lie Pro Glu Gly Glu Glu Asp Asp Asp Tyr Leu Asp Leu Glu Lys lie Phe Ser Glu Asp Asp Asp Tyr lie Asp 
ATT CCA GAG GGG GAG GAG GAC GAC GAC TAT CTG GAC CTC GAG AAG ATA TTC ACT GAA GAC GAC GAC TAC ATC GAC 
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to too 

120 

lr» Ser Arg He Gin Art. Leu fen He Leu Am Ala Lys Phe Ala Phe Am leu Tyr Arg Val Leu Lys Asp Gin 
AAS AGC CCC ATC CAG CCT CTT AAC ATC CTC AAC CDC AAG TTC OCT TTC AAC CTC TAC CCA GTC CTC AAA CAC CAC 
140 

Val Asn Thr Phe Asp Am lie Pbe He Als Pro Val Sly lie Ser Thr Ala Met Gly Met lie Ser Leu Gly Leu 

CTC AAC ACT TTC GAT AAC ATC TTC ATA GCA CCC CTT CGC AIT TCT ACT GCG ATG CCT ATC ATT TCC TTA GGT CTG 
160 

ly* Gljr Glu Thr His Glu Gin Val His Ser He Leu HU Pbe Lys Asp fhe Val Asn Ala Ser Ser lys Tyr Glu 
AAG GGA GAG ACC CAT GAA CAA GTS CAC TOG ATT TTG CAT TTT AAA GAC TTT CTT AAT CCC AGC AGC AAG TAT QW 

!*! T!5£ !i£ m * Mn ^ L T» Leu 7hr H1 * *»"« la > phe tot Arg Aw Phe Cly Trr Thr Leu ^ 

ATC AOG ACC ATT CAT AAT CTC TTC CCT AAC CTG ACT CAT CGC CTC TTC AGG AGG AAT TTT GGG TAC ACA CTC CGG 

220 

Ser Tal Asa Asp Leu Tyr lie Gla Lys Gin Phe Pro He Leu Leu Asp Phe Lys Thr Lys Val Arg Glu Tyr Tyr 
TCA GTC AAT GAC CTT TAT ATC CAG AAG CAG TTT CCA ATC CTG CTT GAC TTC AAA ACT AAA GTA AGA GAG TAT TAC 
240 

Phe Ala Glu Ala Gla I la Ala Asp Phe Ser Asp Pro Ala Phe 1 le Ser Lys Thr Asa Asn HU lie Hst lys Leu 

TTT OCT GA6 GCC CAG ATA OCT GAC TTC TCA GAC CCT GCC TTC ATA TCA AAA ACC AAC AAC CAC ATC ATG AAG CTC 

Thr Lys Gly Leu He Lys Asp Ala Leu Clu Asn lie Asp Pro Ala Thr Gin Met Net He Leu Asa Cys He Tyr 
?5E **** CCT *^C &f» *"* *TT CIC AAC TGC ATC TAC 

i>B~J,7 U>)— — aaccttctcataacagcctcttcctgtggcctttacag 



SI? I?I SI SIX SX "5 S " r Leu n « VM Val H1 * ^ *»* 61y Met Lys Thr Leu Clu Ala 
CTG GAA TAC GIG GGG G3C ATC AGC ATG CTA ATT CTC CTC CCA CAC AAC ATG TCT GGG ATC AAG ACC CTC GAA GCG 



MO 



S69 



Gin Leu Thr Pro Arg Val Val Glu Arg Trp Gin Lys Ser Met Thr Asn Ar 
CAA CTG ACA CCC CGG GIG CTG GAC MSA TOG CAA AAA AGC AIG ACA AAC AC guttttaoctftf tgtttgttcttttgagc 

tcccagatgct (<ym>C-*l.» kb) gggcccccctttccttttetgtctag 

169 WO 
g Thr Arg Glu Val Leu Leu Pro Lys Pbe Lys Leu Glu Lys Asa Tyr Asn Leu Val Glu Ser Leu Lys Leu Met 
A ACT CCA GAA CTG CTT CTG COG AAA TTC AAG CTG GAC AAC AAC TAC AAT CTA CTG GAG TCC CTG AAG TTG ATG 
400 417 

Gly Ilo Arg Mat Leu Phe Asp Lys Asn Gly Asn Met Ala Cly He Ser Asp Gin Arg He Ala He Asp Leu 

GGG ATC AGG ATG CTG TTT GAC AAA AAT GGC AAC ATG GCA GGC ATC TCA GAC CAA AGG ATC GCC ATC CAC CTC gte 

accactctcttgtccsccccqi U > * » s-D 0.7 H>) ctgacctccagaatctgacaactt tcctttccasacag 

411 440 

Phe Lys His Gin Gly Thr He Thr Val Asn Glu Glu Gly Thr Gin Ala Thr Thr Val Thr Thr Val Gly Phe Met 
TTC AAG CAC CAA GGC AOG ATC ACA GTG AAC GAG GAA GGC ACC CAA GCC ACC ACT CTG ACC AOG GTC GGG TTC ATG 

460 

Pro Leu Ser Thr Gin Val Arg Fhe Thr Val Asp Arg Pro Phe Leu Phe Leu I le Tyr Clu His Arg Thr Ser Cys 
COG CTG TCC ACC CAA CIC CGC TTC ACT CTC GAC CGC CCC TTT CTT TTC CTC ATC TAC GAG CAT GGC ACC AGC TGC 
480 

Leu leu Pbe Met Cly Arg Val Ala Asn Pro Ser Arg Ser xxx 

CTG CTC TTC ATG GGA AGA CTG GCC AAC CCC ACC AOG TCC TAG ACiCTGCAGGTCTAfiCTGTCTGAAGTCCCTTGGC£GCACC£XCAT 

ITGAGAGGAGCTTAGA 

KATCCTTGCACACCTGACTCTGTCAC 



TCAJUXCTHCTCCACCAGGTCCCTCATCTGA^ 
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